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I.

THE PHYSIOLOGICAL ANATOMY OF THE SPINAL CORD AND NERVES.

The spinal cord is the first and most essential part of the cerebro-
spinal system. The latter is so called because it consists of the brain
and spinal cord, and because its centres are contained in the cranial
and spinal cavities. The nervous ganglia composing the brain and spi-
nal cord are massed together, and in this respect they are unlike those
of the sympathetic system, which are scattered over a wide territory.
The brain is one great mass occupying the cranial cavity, while the spi-
nal cord is a second, inclosed in the spinal canal.

We shall find, on examination, that the brain consists of a series of
double ganglia, extending from the anterior to the posterior portion of
the cavity in which it is contained, and the same is also true of the spi-
nal cord. If you will look at this preparation of the cerebro-spinal
system of a frog, you will see that it commences anteriorly in a series of
cerebral ganglia, and that these are followed by the spinal cord, the whole
forming a continuous tract. The same thing can be observed in this
brain and spinal cord taken from a rabbit, and you will notice in the
latter specimen that the brain corresponds in anatomical characteristics
and arrangements, though not in its relative size, with the human brain,
while the spinal cord can be seen running downward in a cylindrical
form.

In these two parts of the cerebro-spinal system the nervous centres
constitute, apparently, a unit ; but when we examine the matter par-
ticularly we shall find that the spinal cord and brain are in reality dis-
tinct centres of motion and sensation. I take up the spinal cord first
because it is the least complicated portion of the cerebro-spinal sys-
tem. It is the simplest in its construction and the simplest in its phys-
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iological attributes. You are familiar with its form, which may be de-
scribed in general terms as a cylinder extending from one end of the
spinal canal to the other. This description, however, is not strictly
accurate, as the cord is nowhere exactly cylindrical, and is not of ex-

actly the same form at any two points of its length. Look, for instance,
at these diagrams of transverse sections at different parts of the cord,
and you will see that they are very unlike in size and shape, and that
they also present essential differences as regards their internal structure.

Again, the cord may be described in general terms as tapering gradually
from above downwards, but still it presents very distinct contractions and
dilatations at various points. These, you will find, correspond closely
with the origins of certain groups of spinal nerves.

In the diagram which I now exhibit we see that the spinal cord gives
off' successive pairs of nerves, and that these nerves are characterized
by a great regularity of origin and distribution as compared with those
of the brain and the sympathetic system. There are thirty-one pairs,
which follow each other in pretty regular order. In such creatures
as fishes and serpents (animals whose movements of locomotion are

caused by alternate flexions of the spinal column, and not by any ex-

tremities or limbs) the spinal nerves are sent off with the utmost reg-
ularity. Fishes, it is true, are provided with fins, but these fins are not

organs of propulsion. In animals of this character, therefore, the spinal
nerves are almost all alike in size and regular in distribution. In quad-
rupeds and in man, on the other hand, there is this peculiarity : that
the anterior and posterior limbs, or the arms and legs, concentrate in
themselves most of the muscular activity of the body, as well as a large
share of its tactile sensibility. In consequence of this we find a cor-

responding variation in the size of the spinal nerves ; those which sup-
ply the limbs being larger than those which go to other parts. Thus,
the cervical nerves, which form the brachial plexus, and the lumbar
nerves, distributed to the lower extremities, are of a much greater size
than those given off in the dorsal region, which supply the trunk.

In addition, it is noticed that the cord itself presents two marked en-

largements in the cervical and lumbar regions, where the nerves are

given off to the upper and lower limbs. If we examine transverse sec-

tions of the cord at different levels, we shall at once see these enlarge-
ments corresponding with the points where special nerves issue from it.
In this spinal cord of the rabbit you perceive the points of enlargement in
the cervical region, where the cervical and brachial nerves originate,
and in the lumbar region, where the nerves are given off to the lower
extremities. Yet these enlargements are by no means so marked in the
rabbit as in many other animals. In fishes or serpents, on the other
hand, the cord would be found to taper quite regularly to its lower ex-

tremity.
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Such are some of the general features of the spinal cord. I have
now to add that it is divided symmetrically by an anterior median fis-
sure and a posterior median fissure, which separate it externally into
right and left lateral halves, though internally these two divisions are

connected by continuity of structure.
We come next to inquire, What is the internal structure of the cord?

Like the brain, it is made up of white and gray matter, though it dif-
fers from the brain in having its gray matter inside and its white matter
outside. This is the general arrangement of the nervous tissues in the
cord, but we wish to know their particular distribution and the special
arrangement of the nerve fibres and cells. I will first call your attention
to the main features of this distribution, and then endeavor, as far as

possible, to describe the minute structure of the parts. To begin with,
what is the direction of the fibres in the white substance of the cord ?
This is to be ascertained by the microscopical examination of trans-
verse sections which have been hardened for the purpose ; and it is
shown by this means that almost all the fibres run in a longitudinal
direction. There is scarcely an exception in this particular until we

come to that portion of the white substance situated at the bottom of
the anterior median fissure. On each side of the cord the longitudinal
bands of fibres extend from one end to the other, and in consequence
of its division into two lateral halves by the anterior and posterior median
fissures, and, still further, by the division of each half into three parts
by the peculiar form of the gray matter in the interior, we have the
white substance arranged in three distinct columns upon each side.
These, from their special situations, are called respectively the anterior,
the lateral, and the posterior columns of the cord, and they are all com-

posed exclusively of fibrous bands of white matter, which extend up
and down, like the flutings of a column, and are entirely symmetrical
on the two sides. The preparation which I show here is a portion, sev-

eral inches in length, of the spinal cord of an ox, which has been hard-
ened in alcohol (a method often of considerable service), so that we can

strip off its fibres and see in what direction they run. In this manner,
you perceive, the fibres of one of the posterior columns have been torn
off longitudinally. The arrangement of the fibres can be still more

satisfactorily demonstrated in transverse sections of the cord made for
microscopical examination. It is known that the albuminous axis-cylin-
der of the nerve fibre has a tendency to become stained with carmine
if immersed in a solution of this substance, while the medullary layer
remains colorless. Such a specimen will therefore exhibit minute red
circular points, the transverse sections of the axis-cylinders, surrounded
by transparent colorless circles, which are the sections of the medullary
layers. An oblique section of the cord will also show the proportion
and arrangement of its constituent substances.
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If we make a transverse section of the spinal cord at any point we

shall see its internal structure to be such as is represented in this model.
The form of its central portion, composed of gray matter, resembles in
a general way the letter X. It may be described more correctly as

presenting the figure of two crescents with their concavities turned out-
ward, and having their convexities united across the median line by a

transverse band of the same substance. This connecting band is known
as the gray commissure of the cord. The central or ganglionic part of the
cord consists, then, of two elongated ribbons, folded outward in a trough-
like manner, and united throughout their entire length by a transverse
band. In addition we find, on examining the cord throughout its whole
extent, that this central gray matter varies not only in form but in
quantity at different points. Still, the gray matter does not taper uni-
formly towards the lower extremity of the cord. The white substance,
on the other hand, does taper pretty gradually, as we might naturally
be led to expect from the successive origin of the spinal nerves all the
way down the cord. These facts are shown in the diagram to which I
now direct your attention, and which exhibits transverse sections of the
cord made respectively in the upper cervical, the lower cervical, the
middle dorsal and the lumbar regions. From these it is evident that
the gray matter is greatly increased in quantity at the seat of the cervi-
cal and lumbar enlargements of the cord, where it acts as a nervous

centre for the upper and lower extremities, while the white matter
diminishes gradually as we descend, until at last almost the entire area

of the cord is occupied by gray matter.
One point more of a purely anatomical character, and that is in re-

gard to the mode of origin of the spinal nerves. Each nerve is com-

posed of a considerable number of filaments, which pass directly out-
ward from the cord. Furthermore, these filaments are arranged in two
distinct sets, which issue, one from the anterior portion, and one from
the posterior portion of the cord. If, therefore, a transverse section be
made just where any of these nerve roots are given off, it may be seen

exactly how they emerge. In each lateral half of the cord the portions
of gray matter in the anterior and posterior divisions respectively are

called the anterior and posterior cornua or horns. The anterior horns
terminate within the substance of the cord, but the posterior horns
reach nearly or quite to its external surface. The origins of the spinal
nerve roots correspond in situation with the anterior and posterior
horns of gray matter. The specimen which I here show is a portion
of the spinal cord from the lower cervical and upper dorsal regions in
the human subject, and I wish to notice particularly two points in
regard to the nerves which are attached to it: the first is that the
anterior roots continue of uniform size quite to their junction with the
posterior roots ; and the second, that upon the posterior roots, between
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the points of leaving the cord and their junction with the anterior,
there are enlargements of a rounded form. These enlargements are

small ganglia, composed of gray matter. They are never found on the
anterior roots, and are never absent from the posterior roots, so that
this feature makes it easy always to distinguish the two roots from each
other. After the two roots become united, their fibres are so intermin-
gled that it is impossible to separate them anatomically.

These are the most prominent points of the physiological anatomy of
the spinal cord, but of course we wish to know something more of its
internal structure, the connections, origins, and terminations of its com-

ponent parts, and of the nerves springing from it. Of late years great
advances have been made in this field by the microscopical examination
of transverse and longitudinal sections of the cord, particularly in con-

nection with artificial staining of its tissues. This diagram represents
such a transverse section of the spinal cord. You observe that at least
nineteen twentieths of its white matter is composed of longitudinal
fibres, forming the anterior, lateral, and posterior columns. There is,
however, at the bottom of the anterior median fissure a band of white
matter composed of transverse fibres. This band is known as the white
commissure of the cord, and the question arises, Is it really a commis-
sure, or is it a decussation ? On first observing the arrangement of its
fibres we might be led to consider it as a true commissure passing be-
tween the lateral halves of the cord from right to left, and vice versa.
But a more careful examination will reveal the fact that its fibres do not
connect exactly corresponding parts of the two halves of the cord. On
the contrary, the fibres of the white commissure, coming from the an-

terior column of one side, cross over to the anterior horn of gray
matter on the opposite side, and there lose themselves in its structure ;
so that, beyond doubt, the transverse fibres of the white commissure
serve to connect the white substance of either side of the cord with the
gray substance of the other side, throughout its entire length. There is,
however, no corresponding white commissure at the bottom of the pos-
terior median fissure, and the posterior columns therefore appear quite
disconnected from each other in a transverse section.

Let us now try to ascertain the real source and connections of the
anterior and posterior roots of the spinal nerves. Where do they orig-
inate, and whither do they go? In the first place, it is evident that the
anterior roots as they are given off by the cord, pass directly from the
anterior horns of gray matter, and that the posterior roots pass directly
from the posterior horns. But when we have said this we have stated
pretty much all that is definitely known at present in regard to the
subject. If a transverse section of the cord be made at the level of the
origin of any pair of spinal nerves, the anterior root fibres of the latter
will be seen to issue from the anterior horns of gray matter, and thence
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extend forward through the anterior column to the surface of the cord.
There is no question, therefore, that the root-fibres are connected, first
with the anterior column, and next with the anterior horn of gray mat-
ter, on the side where the nerve originates, though, according to some

of the best microscopists, certain fibres can be traced through the gray
matter into the lateral columns. Our knowledge on these points is still
quite incomplete, notwithstanding all the time and labor that have been
bestowed upon them; but no earnest student of physiology will ever

remain satisfied until the exact origins of all the spinal nerve fibres are

conclusively demonstrated.
From what has now been said we see that the spinal cord is to be

regarded, —

First, as an organ of nervous communication, proceeding from the
brain and connected with various parts of the body by means of the
spinal nerves.

Secondly, as a nervous centre, having an internal deposit of gray mat-
ter enveloped in the external covering of white substance.

It is the simplest of the two great divisions of the cerebro-spinal sys-
tem, forming an extended cord-like mass inclosed in the spinal cavity.
It consists of two lateral halves, separated by the anterior and posterior
median fissures, each half containing both white and gray matter, the
former being exterior and the latter interior. On each side it presents
three columns, the anterior, the lateral, and the posterior. The anterior
and posterior horns of gray matter on each side are connected with those
on the other by the central band of gray substance called the gray com-

missure ; and there is also in front of this a transverse band of white mat-
ter, known as the white commissure. Thirty-one pairs of nerves are given
off from the spinal cord, each nerve springing from two roots, the fibres
of the anterior root coming from the anterior horn of gray matter, and
those of the posterior root from the posterior horn. Finally, each pos-
terior root is distinguished from the corresponding anterior root by a

small ganglion through which its fibres pass after emerging from the
substance of the cord.

w-

A PECULIAR CONDITION OF THE CERVIX UTERI WHICH IS
FOUND IN CERTAIN CASES OF DYSTOCIA.1

BY ALFRED HOSMER, M. D. HARV., WATERTOWN.

Of the condition to which I allude few practitioners, I think, have
ever heard or thought, and it is not very many months since it first
came to my own knowledge as an alarming and troublesome novelty.
I am free to confess that I then failed, as it now seems to me, to appre-
hend its true nature, and for that reason I feel justified in again calling

1 Read at the meeting of the Obstetrical Society of Boston, February 9, 1878.
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